The early 21st century has seen the development of a global epidemic of obesity in both developed and developing countries. In Australia at least one in five children and adolescents are overweight or obese, with rapid rises in prevalence apparently continuing. Similar trends are seen in other countries. Child and adolescent obesity is associated with both immediate and long-term medical and psychosocial problems, including a clustering of risk factors for the development of cardiovascular disease and diabetes. Thus, obesity poses a major health problem for the paediatric population. Major environmental and societal changes have led to a decrease in physical activity, a rise in sedentary behaviour and the consumption of high fat and high-energy foods, all in turn influencing the development of obesity. Effective management involves a multimodal approach with a developmentally aware approach, involvement of the family, a focus on healthy food choices, incorporation of physical activity and a decrease in sedentary behaviour all being important. Ultimately, however, the obesity epidemic requires a major focus on primary prevention. Australia has a national strategy for the prevention of overweight and obesity that depends upon intersectoral and intergovernmental cooperation, supported by adequate resourcing and significant community ownership.
These cut-off points correspond to the adult cut-off points for overweight and obesity, based on the BMI when health risks rise steeply. 6 Table 1 shows the prevalence rates for overweight and obesity in different countries, as determined using the new international definition. 5, 7, 8 Rates vary greatly, reflecting environmental and ethnic/genetic variations between countries, as well as differences in the timing of studies. Importantly, more recent surveys show higher prevalence rates than do studies carried out two or more decades ago. This is clearly seen when comparing two time periods for both the USA and Australia. In the USA the prevalence of obesity in children and adolescents doubled between the 1976-1980 and 1988-1994 collection periods. 8 During the 10 years from 1985 the prevalence of overweight in Australian children and adolescents almost doubled and that of obesity more than tripled. 7 In both these countries obesity has become one of the most common chronic diseases in childhood, if not the most common. These countries are by no means unique.
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Developing countries and countries and communities undergoing economic transition are also seeing a rise in overweight and obesity in their paediatric populations. In the 1993 China Health and Nutrition Survey, 3.4% and 3.6% of children were overweight and obese, respectively (note: a different definition was used from that used in Table 1 ). 9 However, by 2000 the estimated rate of overweight and obesity in urban Chinese children was 23% (12.1% overweight, 11.9% obese). 10 Rises in childhood obesity prevalence rates in the past two decades have been documented in many other countries including Thailand and Taiwan. 11, 12 Such data suggest that there have been rapid changes in obesity prevalence in the child and adolescent populations at a global level.
Consequences of obesity in childhood and adolescence
Is the rising prevalence of overweight and obesity in childhood and adolescence of concern? Certainly, there is clear evidence that it is associated with a range of health problems. The most common consequences of obesity in childhood and adolescence are those related to psychosocial dysfunction and social isolation. 13, 14 Cross-sectional studies consistently show an inverse relationship between weight and both global self-esteem and body-esteem in adolescents, although not in pre-adolescent children. 14 In adolescent girls, excess weight (as measured by BMI) is significantly related to body dissatisfaction, drive for thinness and bulimia. 15 In developed societies, women who were overweight in late adolescence and early adulthood are more likely to have lower family incomes, higher rates of poverty and lower rates of marriage. 16 Orthopaedic complications are also well recognised in obese children. For example, obese pre-adolescent children have wide, flat feet with increased static and dynamic plantar pressures. 17 Otherwise rare orthopaedic problems also occur with greater frequency in obese children, including slipped femoral capital epiphyses and tibia vara. 18 Hepatic complications of obesity may also be present, particularly non-alcoholic steatohepatosis. 19 Gastrooesophageal reflux and gastric emptying disturbances are further complications and appear to be a consequence of raised intra-abdominal pressure due to increased abdominal fat. Obesity is also the major cause of gallstones in children without other medical problems. 13 Obstructive sleep apnoea is another increasingly recognised complication of childhood obesity. It is associated with both adenotonsillar hypertrophy and hyperinsulinaemia. 20 Obesity, especially central obesity, in childhood is also associated with risk factors for heart disease and diabetes. Dyslipidaemia is frequently present, the lipoprotein pattern being characterised by raised levels of triglycerides and total and low-density lipoprotein (LDL) cholesterol and reduced levels of high-density lipoprotein (HDL) cholesterol. 21 This is particularly related to the presence of increased intraabdominal fat. 22 Hypertension is also commonly seen in obese children as are hyperinsulinaemia and insulin resistance. 23 Type 2 diabetes mellitus, while still uncommon in children in most countries, has nevertheless increased dramatically in prevalence in recent years. A US report has shown that the incidence of type 2 diabetes has risen from 4% of paediatric diabetic cases in 1990 to approximately 20% a decade later. 24 Several studies have found that overweight and obese children and adolescents, especially those of non-European ancestry, are at greatest risk of the development of type 2 diabetes. Blood lipid and lipoprotein concentrations, insulin concentrations and blood pressure all appear to track from childhood into young adulthood, with obesity at baseline being a significant predictor of adult values. 13, 23 The most significant long-term consequence of childhood obesity is its persistence into adulthood, with all the attendant health risks. This is more likely with the onset of obesity in late childhood or adolescence and with increased severity of obesity. 25 Overweight in adolescence has also 8 been shown to have a significant association with long-term mortality and morbidity. In a 55 year follow-up of adolescent school children, Must et al. showed that overweight in adolescence was associated with an increase in mortality from coronary heart disease in men and an increase in morbidity for several conditions in both men and women, even independent of adult weight status. 26 Thus, overweight and obesity in childhood and adolescence are associated with a range of psychosocial and medical complications that are both immediate and longterm. This makes effective prevention and management vital.
What is causing this epidemic of obesity?
Obesity is a complex condition with genetic, metabolic, behavioural and environmental factors all contributing to its development. However, the dramatic increase in the prevalence of obesity in the past few decades can only be due to significant changes in lifestyle influencing children and adults alike. Exactly what these changes are is still poorly understood.
The association between television viewing and obesity in childhood and adolescence has been demonstrated in both cross-sectional and longitudinal studies. 27, 28 Of particular interest is the finding in the prospective studies that television viewing is associated with an increased incidence of new cases of obesity, as well as a decrease in remission rates of established obesity. 28 These effects presumably have their impact through changes in food intake and physical activity.
The increased prevalence of obesity in recent decades may have resulted, at least in part, from changes in dietary intake, such as, an increase in the consumption of high-fat foods or in sugar-containing drinks. 29, 30 In a 12 month prospective study, Eck et al. showed that early school-age children at high-risk for the development of obesity gained marginally more weight, and consumed a slightly larger proportion of energy from fat than did children at low-risk of obesity. 31 Ludwig et al. showed that consumption of soda drinks (soft-drinks) at baseline was associated with increased weight gain over the next 19 months in young adolescents. 30 In young children, parental influence on food selection is strong although the influence of television viewing may be significant. 29 In older children and adolescents, peer influence is also important. Less desirable meal patterns, such as, frequent snacking, also appear to be related to the presence of established obesity.
In the prospective study of low-and high-risk children, Eck et al. found that the high-risk group, who gained more weight during the 12 month study, had slightly lower levels of total physical activity than did the low-risk group, 31 suggesting a pattern of physical activity that may predispose the at-risk child to the development of obesity. Sedentary behaviour is not merely the inverse of being physically active -they are different, although interlinked, behaviours. One of the ways in which television viewing may have its association with obesity in childhood is through the encouragement of sedentary behaviour. As yet, however, there are no clear data linking viewing of interactive videos, computers, or other 'small-screen' time with the development of obesity, although they are likely to be significantly associated.
In developing countries and economies undergoing transition, many of the same factors may be influencing the development of obesity. Dietary changes that have accompanied modernization include an increase in the consumption of fat, added sugar and animal products in the diet and a decrease in total cereal intake and fibre. 3 Changes in activity level have also occurred as a result of an increase in household labour-saving devices and a rise in television and motor vehicle ownership. 3 Thus, the rise of sedentary pursuits (e.g. television viewing, video games, computer use), an increase in the use of the motor car for transport, a decrease in physical activity and an increase in the consumption of high fat and energy dense foods are likely to be the major factors in this epidemic of obesity. 6 The early 21st century in industrialised communities provides an environment that is highly conducive to obesity.
Management of childhood obesity
In tackling the problem of obesity, it is important to effectively manage overweight and established obesity. The evidence to support effective intervention is reasonably limited and may not be easily generalisable to other clinical locations. 32 However, it is clear that a multimodal approach is required, with family involvement, dietary intervention and exercise all being important.
It is important to initially clarify the aims of therapy when dealing with an obese child or adolescent. With regard to change in weight, amelioration of weight gain, rather than substantial weight loss, may be appropriate. Indeed, in younger children, weight maintenance during a growth spurt may be the most achievable approach. In effect, children may be able to 'grow in' to an appropriate weight for height. Education about the nature of obesity, including the realization that it is a chronic disorder of energy balance, is also important, as the need for long-term changes in behaviour will then be more readily apparent. Small, achievable goals are important (e.g. one walk per week, cut down TV viewing from 4 to 3 h per day).
Families influence food and activity habits and thus effective therapy of obesity must take this into account. Parental involvement in treatment programs is necessary for successful weight-loss both in young children as well as in adolescents. Several studies have now shown that long-term maintenance of weight-loss (i.e. from 2 to 10 years) can be achieved when the intervention is family based. 33, 34 These results suggest that long-term weight control 'success' in childhood obesity is associated with such factors as the amount of weight the parent loses in the initial phase, the use of reinforcement techniques, such as parental praise and a change in eating habits, such as eating meals at home or a moderate reduction in fat intake. 33, 34 Such findings imply that altered food patterns within the whole family, as well as parental reinforcement and support of the child, are important factors in outcome success.
A developmentally appropriate approach is vital. An important Israeli study has shown that treatment of preadolescent obesity with the parents as the exclusive agents of lifestyle change is more effective than a child-centred approach. 35, 36 There have been few controlled studies of the management of adolescent obesity, although studies suggest that it may be most effectively managed when separate sessions are provided for both the adolescent patient and parent. 37 Dietary management in obesity essentially involves education about healthy nutrition and appropriate food choices. Long-term outcome studies support the view that a moderate restriction in fat intake in the initial phase of therapy is necessary for sustained treatment outcome. 34 Furthermore, restrictive dieting may interfere with growth in childhood or encourage the development of a diet-culture mentality. The focus should be on behaviour change and moderate fat restriction, rather than on calorie counting or a diet prescription.
In a further study, Epstein et al. showed that participation in an exercise program during treatment is a predictor of maintained non-obesity. 38 The type of exercise employed (i.e. 'lifestyle' exercise vs programmed aerobic exercise) also appears to be important for sustained weight loss; while both forms of exercise help promote weight loss in the initial phase, the child or adolescent is more likely to continue long-term with the 'lifestyle' form of exercise. 38 Obese children may not enjoy group physical activities, such as school sports, because their performance may not be as good as their leaner peers and in such circumstances individual exercise programs may be more appropriate. A further controlled study has looked at the effect of targeting inactivity. Epstein and Roemmich showed that 2 year outcome was most successful for children who were placed in a group in which sedentary behaviour was targeted (e.g. decreasing television viewing times) rather than in those children who were in groups where they were encouraged to increase their level of exercise. 39 There have been few studies looking at the effectiveness of different types of interventions, such as group programs, interventions delivered in the community, primary care practitioner interventions and shared-care programs. 40 Likewise, more information is needed on the role of drug therapy, hospitalization, very low calorie diets, obesity surgery and other such therapies in the management of morbid obesity in childhood and adolescence. These all require further research.
Obesity prevention: an Australian view
The magnitude of the problem of obesity in most industrialised countries means that, to prevent further increases in prevalence, population-level strategies must be applied. 6 Interventions focusing on simply educating individuals and communities about behaviour change have had limited or no success. Instead, there is an urgent need to produce an environment that supports healthy eating and physical activity throughout the community. This requires a commitment from many sectors of society. Potential environmental strategies could include creating opportunities for planned and incidental activity in community environments, promoting the use of public transport, encouraging private and public sector food services to provide healthy food choices, improving the labelling of food products and providing economic incentives for the production and distribution of fruit and vegetables.
Australia was the first country in the world to develop a national strategy for the prevention of obesity. The 1997 document Acting on Australia's Weight: A Strategy for the Prevention of Overweight and Obesity in Australia has rightly identified school children as an important target group for obesity prevention. 41 Successful school-based prevention programs have been established in the past although they have been difficult to sustain in the long term. 42 However, interventions will also need to occur at regional, state and national levels. Some examples of the sorts of interventions that are needed include: 1. Providing opportunities for structured and unstructured forms of physical activity at schools, child care centres and after school care centres. 2. Training school teachers and child care workers in such areas as basic motor skills instruction, physical fitness and nutrition. 3. Working with local councils for improved cycle-ways, safe parks and other places for children to safely play outdoors. 4. Regulation of the type and amount of food advertisements to which children are exposed. 5. Providing economic incentives for the production and distribution of fruit and vegetables. 6. Working with food manufacturers to improve food labelling and to improve the ranges of healthy low-fat products available. Such interventions will require intersectoral and intergovernmental cooperation, supported by adequate resourcing and significant community ownership.
Research priorities relevant to child and adolescent obesity
The obesity epidemic in childhood has implications for research in the following areas: 1. Regular population monitoring in order to track trends in the prevalence of overweight and obesity in childhood and adolescence. 2. An improved understanding of the forces promoting the development of obesity in childhood and adolescence. 3. Effective approaches to the clinical management of overweight and obesity in childhood and adolescence. 4. Effective population level strategies for the prevention of overweight and obesity.
